Kinetic Mechanisms of Target Location by Inducible Transcription Factor Egr-1  by Esadze, Alexandre et al.
76a Sunday, February 8, 2015the ETS family of transcription factors, which regulate the differentiation of
hematopoietic stem cells to the gamut of blood cell lineages, exemplify this
conundrum. While the ETS-family members PU.1 and Ets-1 share structurally
superimposable DNA-binding domains, the two homologs direct distinct
cohorts of genes and induce mutually exclusive outcomes in hematopoietic
cell-fate decisions. Using an array of biochemical, spectroscopic, and calori-
metric techniques, we have compared DNA site recognition by PU.1 and
Ets-1. The data indicate a startling level of structural, dynamic, thermody-
namic, and kinetic heterogeneity associated with DNA site recognition by these
proteins, which may be traced to their differential coupling of molecular hydra-
tion and counter-ion release with site-specific binding. Whereas site recogni-
tion by Ets-1 appears homogeneous with respect to DNA sequence identity,
high- and low-affinity sites unmask major heterogeneity in PU.1 binding by
all experimental observations. These differences are intrinsic to the two homol-
ogous DNA-binding domains; additional intramolecular interactions in adja-
cent domains exert no effect on the apparent homogeneity in Ets-1/DNA
binding. The emerging evidence suggests a strong coupling between molecular
hydration, DNA curvature, conformational dynamics, electrostatics as a mech-
anism for PU.1 to enforce different sequence preferences and kinetic behavior
relative to Ets-1, and offer new insight into the functional differences between
the two homologs. [This investigation is supported by NIH R15GM112002-01
to GMKP, NIH R01AI083803 to JKB, and NSF MCB1411502 to GMKP and
WDW.]
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DNA molecules are highly charged semi-flexible polymers that are involved in
a wide variety of dynamical processes such as transcription and replication.
Characterizing the binding landscapes around DNA molecules is essential to
understanding the energetics and kinetics of various biological processes. We
present a curvilinear coordinate system that fully takes into account the helical
symmetry of a DNA segment. The latter naturally allows characterizing the
spatial organization and motions of ligands tracking the minor or major
grooves, in a motion reminiscent of sliding. Using this approach, we performed
umbrella sampling (US) molecular dynamics (MD) simulations to characterize
the three-dimensional binding landscape for a Naþ cation, methyl guanidi-
nium, an arginine analog, and the HoxD9 homeodomain with a nonspecific
DNA. The computed binding landscapes show that, even for small ligands,
the free energy landscapes exhibit a fine structure. In general, energy barriers
of up to ~5 kcal/mol were measured for removing the ligands from the minor
groove, and of ~1.5 kcal/mol for sliding along the minor groove. These results
also shed light on the way the minor groove geometry, defined mainly by the
DNA sequence, shapes the binding landscape around DNA, providing hetero-
geneous environments for recognition by various ligands. Additionally, our
findings exemplify how the interplay between contacts in the minor and major
grooves can be used to facilitate proteins sliding. These findings have important
implications for understanding how proteins and ligands associate and slide
along DNA.
386-Pos Board B166
Understanding the Transcriptional and Translational Regulatory Roles of
Non-Classical Neural Zinc Finger Proteins Involved in the Development of
the Nervous System
M. Mohsin Khan1, Sarah L.J. Michel1, Marie C. Heffern2,
Thomas J. Meade2, Kellie Hom1.
1Pharmaceutical Sciences, University of Maryland School of Pharmacy,
Baltimore, MD, USA, 2Chemistry, Northwestern University, Evanston,
IL, USA.
Zinc plays a crucial role in the development of the nervous system. Disruption
of zinc homeostasis results in several nervous system disorders, including ce-
rebral stroke, Alzheimer’s disease, schizophrenia, mental retardation, periven-
tricular leukomalacia, and brain cancer. Two ‘zinc finger’ proteins, Neural Zinc
Finger Factor-1 (NZF-1) and Myelin Transcription Factor 1 (MyT1), play key
roles in the development of the nervous system: NZF-1 regulates the develop-
ment of neurons and MyT1 regulates the development of oligodendrocytes.
Both proteins contain clusters of highly homologous yet modular CCHHC
domains that can selectively recognize/regulate different genes when zinc is co-
ordinated to the domains. The mechanisms of zinc mediated DNA recognition
by these proteins is not well understood. Using a combination of biochemical,
biophysical and spectroscopic approaches, including fluorescence anisotropy,
NMR spectroscopy and mass spectrometry, we have begun to map out the
key interactions that drive molecular recognition and we will present a currentmodel for these recognition events. In addition, we will present evidence that a
novel Co-Schiff base complex inhibits the function of NZF-1, by disrupting the
zinc coordination and accompanying folding of the CCHHC domains. This
complex has the potential to be used as a functional probe and small molecule
inhibitor of NZF-1.
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The cell nucleus is a complex environment in which approximately 40% of
the nuclear volume is occupied by a variety of macromolecules that greatly
affect solution viscosity and the amount of available intracellular space. An
expected consequence of macromolecular crowding is an entropic ‘‘deple-
tion’’ effect that favors the formation of compact complexes over free compo-
nents that consume a larger volume. This could have profound consequences
for the kinetic, thermodynamic and structural properties of enzymes. Artificial
crowding agents, such as PEG polymers, have historically been used to model
the effects of macromolecular crowding on enzyme reactions and protein-
protein association. Here we report the effects of PEG polymers on the ability
of human uracil (hUNG) and 8-oxoguanine DNA glycosylases (hOGG1) to
execute intramolecular transfer between damaged sites within the context of
duplex DNA. Although molecular crowding resulted in only a small decrease
in DNA binding affinity, intramolecular translocation was dramatically
enhanced. The mechanism involves the consequences of microenvironments
of low viscosity generated by ‘‘cages’’ formed around the protein and DNA
by large crowding agents. Dissociative transfers involving short-range disso-
ciation and rebinding to DNA (‘‘hopping’’) within the low-viscosity cage ap-
peared to be unaffected while the efficiency and distance of associative
transfers, where the enzyme remains in close contact with the DNA chain
(‘‘sliding’’), are greatly increased. We show that this has a significant impact
on enzymatic turnover of hUNG and provide evidence of association enhance-
ment and reduced likelihood of complex dissociation once the enzyme is
bound to DNA. We suggest that crowded environments favor the compact
enzyme-DNA complex, which provides a mechanism by which the cellular
environment could play a major role in facilitating DNA damage recognition
in human cells.
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Egr-1 is a mammalian inducible transcription factor that recognizes its 9-bp
target DNA sequences via three zinc-finger domains and rapidly activates spe-
cific genes upon particular cellular stimuli such as neuronal signals and
vascular stresses. For the rapid gene activation, the induced Egr-1 molecules
should efficiently locate the specific sites on gene promoters. To understand
how proteins scan DNA, we recently developed new stopped-flow fluorescence
assays for the kinetic investigations of the target DNA search process.1 Using
this methodology, we have studied the kinetics of target location by Egr-1 at
various ionic strengths (40-400 mM KCl) and found the most efficient search
at 150 mM KCl. We then rigorously characterized the kinetics of intersegment
transfer, dissociation, and sliding of this protein on DNA at distinct concentra-
tions of KCl. Our results suggest that Egr-1 is well suited for efficient scanning
of chromosomal DNA in vivo. Based on a newly developed theory, we analyzed
the origin of such optimal search efficiency at physiological ionic strength. We
found that target association is accelerated by nonspecific binding to nearby
nonspecific sites and subsequent sliding to the target as well as by intersegment
transfer. Although these effects are stronger at lower ionic strengths, such
conditions also favor trapping of the protein at distant nonspecific sites, decel-
erating the target association. Overall, our current study demonstrates that
Egr-1 achieves its optimal search at physiological ionic strength through a
compromise between the positive and negative effects of nonspecific interac-
tions with DNA.2
1. Esadze, A.,& Iwahara, J. (2014) J Mol Biol 426, 230-44.
2. Esadze, A., Kemme, C. A., Kolomeisky, A. B., & Iwahara, J. (2014) Nucleic
Acids Res 42, 7039-46.
